Recent observational results by Mathioudakis et al. have suggested that optical Uband flares are a frequent occurrence on the RS CVn star, II Peg. We present [/-band monitoring of II Peg in 1992 September which failed to show any evidence of flaring to very low limits. We show that these data are inconsistent with the flaring rates reported earlier and suggest that either II Peg was in a state of low flare activity in 1992, or that it was unusually active at the time of Mathioudakis et al.'s observations.
INTRODUCTION
RS CVn stars are close binaries in which at least one component lies above the main sequence and, forced into corotation, is chromospherically active as a result of dynamo generation of surface magnetic fields. RS CVns exhibit a wide range of solar-like activity phenomena. These include nonthermally heated chromospheres and X-ray-emitting coronae (Doyle et al. 1992a; Doyle, van den Oord & Kellett 1992b) , cool surface spots (Byrne 1992 ) and frequent flares (Doyle, Byrne & van den Oord 1989) .
While flaring in microwaves (Spangler, Owen & Hulse 1977) , X-rays (Tagliaferri et al. 1991; Doyle et al. 1992a ) and ultraviolet line emission (Doyle et al. 1989 ) have been well established, it was not until recently that broad-band optical continuum flares were first detected in RS CVns (Zhang et al. 1990; Doyle et al. 1991; Henry & Hall 1991) . The latter reports were of very energetic events, being among the most energetic stellar flares yet reported from any object.
In a recent paper, Mathioudakis et al. (1992) have reported on optical t/-band flaring activity of the 6.7-d SB1 RS CVn system, II Peg. They found optical flares with a wide range of energies occurring at a rate consistent with the mean flaring rate in UV line radiation, i.e. -0.17 optical flares per hour, compared to 0.12 h" 1 in C iv resonance lines. Furthermore, they found that the cumulative frequency distribution of the optical flares followed a power-law distribution, similar to that found in the dMe flare stars.
The referee (F. Fekel) has drawn our attention to a further report on i/-band flaring on II Peg by Henry & Newsom (1994) . These data consisted of 133 three-colour {UBV) measurements of II Peg made by a 2 5-cm automated telescope (APT ) over a 4-yr period 1983-87. Each observation consisted of three UBV measurements of II Peg, bracketed by four measurements of a nearby comparison star. Points -binaries: close -stars: flare -stars: individual: II Pegthat were deviant \n{U-V) from the mean of observations taken at similar phases by more than 3 a were considered to be flares. Three such flares were recorded, which the authors equate to a mean rate of « 0.23 h" ^ in close agreement with Mathioudakis et al.'s rate.
In this paper we report on £/-band flare monitoring of II Peg, which failed to record a single flare above a very low detection limit. We discuss the implications of this result in the light of the earlier work mentioned above.
OBSERVATIONS
Our observations were carried out at the Jacobus Kapteyn Telescope (JKT ) at the Observatorio del Roque de los Muchachos on the island of La Palma during 1992 September 7-16. The telescope was equipped with an EEV 1280x1180 pixel CCD chip detector and glass filters, which together approximated to the Cape UBV(RI) KC photometric system. Equatorial standard stars from the lists of Menzies et al. (1991) were measured on each night to relate the instrumental to the standard system. II Peg, along with two nearby comparison stars, was measured in all five colours several times per night. These measurements form part of a large-scale, multiwavelength campaign on II Peg and will be described elsewhere (Byrne et al., in preparation) . Here, we concentrate only on t/-band measurements, which were made for the purpose of detecting flares.
Multiple exposures (usually eight or nine) were made of the programme star on each CCD frame, the telescope being moved a small amount between each exposure. Each exposure was generally of 10 s duration. The chip was 'windowed' so that only the small section containing the stellar images was recorded. The total cycle time, including an « 80-s dead time for chip readout, was «4 min.
The resulting CCD images were reduced within the astronomical data reduction environment IRAF (Tody et al. 1986 ). Reduction of the instrumental magnitudes to the standard system was achieved by reference to the standard star measurements referred to above. The dates and times of flare monitoring are shown in Table 1 , along with an indication of the noise detection limits appropriate to each.
DERIVED FLARE RATE
Our total flare monitoring time was 31.74 h. No flares were seen above noise in that time. However, as mentioned above, the monitoring time was divided into «160 s on the star followed by « 80 s of CCD readout and telescope movement. The individual exposures were of 10 s duration, with 10 s dead time while the star position was changed on the CCD frame. Thus no flare detection was possible during these 10-s and 80-s dead-time intervals. Accordingly, we will discuss the non-detection of flares at two different time resolutions. It should also be noted that the signal-to-noise ratio of our data varied widely during the observing run, due principally to varying observing conditions. We therefore calculate the probability of a flare-like event occurring by chance within intervals of time in which we can regard the noise as constant by using the definition below. Table 1 indicates the intervals of constant signal-to-noise ratio.
In the first case, we will define the detection of a flare as two consecutive 10-s integrations showing a deviation of more than 3 a from the mean brightness, i.e. a minimum flare duration, including the 10-s gap, of 30 s. If A int is the number of 10-s integrations during an observing interval, then we can state the probability of observing one positive 3 a deviation by chance as n 3a = 0.0007A int . Note that the probability of observing a positive 3 a deviation is half that of a 3 a deviation of either sign. The probability of observing an adjacent data point that is also more than 3a from the mean is then n = (0.0007) 2 N int «5xl0-7 N int .
N-mi varies from 9 to 557 in our data, so there is an appropriately small probability of such a chance occurrence in our data set, making it an acceptable and conservative criterion for flare detection.
In the second case, we have binned the data into 4-min averages, corresponding to individual CCD frames, and searched for double 3 a deviations from the mean of this time series, i.e. with a duration of at least 8 min. The choice of this particular binning was supported by the duration of £/-band flares reported by Mathioudakis et al., which range from « 3.6 to « 13.6 min. A further column in Table 1 indicates the detection levels relevant to this case.
In each case we have calculated the flare energy at the star corresponding to the minimum detection limit and these are again to be found in Table 1 . Note that, in deriving this flare energy limit, we have used a distance to II Peg of 29 pc (Strassmeier et al. 1993 ) and the calibration of the Johnson (7 band in terms of energy from Bessell (1979) . These latter are the same as those used by Mathioudakis et al. et al. (1992) have published what is, to date, the most comprehensive account of optical flaring on II Peg, or, indeed, on any RS CVn star. Their results suggest that II Peg flares frequently in the U band and that, as in the case of the dMe stars (Lacy, Moffett & Evans 1976) , this rate depends on the integrated U-band energy in the flare. Following Gershberg (1972) , Mathioudakis et al. have expressed the flare rate as a function of energy, in terms of a cumulative frequency diagram. Briefly, this diagram presents flare rates as the rate of occurrence of flares of energy greater than a given level against the energy itself. Lacy et al. found that, in the case of the dMe/UVCet stars, a power law could be fitted to such a diagram, extending over many orders of magnitude in flare energy. Mathioudakis et al. found that, for the most frequent flares and, therefore, those of smaller energy, the same was true for II Peg. They also found evidence of a separate population of rarer, very large energy events.
COMPARISON WITH PREVIOUS RESULTS

Mathioudakis
In Fig. 1 we reproduce Mathioudakis et al.'s result, with some minor modifications. First, we have omitted one of their flares because it was observed in the B band and the correction to the t/band in their results was based on a mean of the colours of many dMe flares. Secondly, we have omitted the two most energetic flares, on the basis that they belong to a different flare population (Mathioudakis et al.) . The lowerenergy flares, seven in number, were then treated as a separate population and we estimated flare frequencies for those flares alone. Following Lacy et al., we can express the powerlaw fit to the resulting cumulative frequency distribution as follows:
log Eu = -0.954 log/(h -^ + 32.210, which, for our purposes, can be more usefully expressed as log/(h _1 )= -1.048 log £¿7 + 33.760, log Freq (hr 9 Figure 1 . Cumulative flare energy diagram for I/-band flares on II Peg, adapted from Mathioudakis et al. ( 1992) . The continuous line is the fit mentioned in the text.
where is the integrated energy of the flare in the U band extrapolated back to the stellar distance, assumed to be 29 pc. This relationship has been overplotted on Fig. 1 .
We can use this relationship to predict the rate of flares above a given energy threshold and this has been done for the two flare conditions laid out above, i.e. two consecutive 3 a deviations in the 10-s and the 4-min data. The results are given in Table 1 for individual observing intervals, along with the expectation number of such flares in each interval and the total number of flares expected at each time resolution, i.e. 30 s and 8 min. It will be seen that the total expectation numbers in the two cases are, respectively, 45 and 4 flares, in our total observation time. The probability of our null result from a population of shorter duration flares is then vanishingly small if the flares are randomly distributed in time.
If the flares are of longer duration, however, even at lower energies, then the situation is less clear. Assuming that flares are Poisson-distributed, we would expect a null result in «1.5 per cent of cases over 31.75 h of observation. In this case our null result is significant at the 2.2 a level.
Even if we dispense with the above energy arguments and use the mean of the rates of U-band flaring derived by Mathioudakis et al. and Henry & Newsom above their detection thresholds, i.e. 0.20 h -1 , we would have expected to detect 6.3 similar flares during our observations. If optical flares are Poisson-distributed (as are optical flares on dMe/ UV Get), then a null result would be obtained in « 0.2 per cent of cases over 31.75 h of observation. However, the assumption of a truncation of the flare power-law distribution at the detection limit of Mathioudakis et al., which is inherent in the application of their flare rate to our data, seems unlikely.
The referee has suggested that the distance to II Peg should be treated as a lower limit. If this is the case our results can be scaled to any revised distance quite simply. However, our inter-comparison with the results of Mathioudakis et al., as well as with the IUE flare rates, are not affected by such a scaling since we have used the same distance.
CONCLUSIONS
Our negative result is incompatible with the conclusions of Mathioudakis et al. (1992) in the following sense. If optical t/-band flares on II Peg are characterized by a power-law cumulative-frequency distribution similar to that found in the dMe stars, then the rates predicted by Mathioudakis et al. appear too high. There are, however, several possible interpretations of this result.
It is possible that the t/-band flare rate is variable with time, perhaps in the manner of a solar cycle or some more stochastic long-term variation. However, the fact that the reported flare rate observed in ultraviolet Une radiation, derived using the IUE satellite, has been relatively constant over the past decade or more, and that this rate is similar to Mathioudakis et al.'s f/-band rate, argues against this possibility. Similarly, the mean flare rate estimated by Henry & Newsom (1994) It is also possible that, during the period of our observations, II Peg underwent a short-lived quiescent period during which the flare rate was depressed below its usual value. Alternatively, it is possible that II Peg was unusually active at the epoch of Mathioudakis et al.'s observations, due perhaps to an unstable active region crossing the disc. Once again the agreement with the IUE flare rate argues against the latter.
From our present data alone it is impossible to choose between these possibilities. Whichever conclusion is correct, it is clear that the question of the frequency of optical flaring on this unusual RS CVn star is not yet fully determined and needs further observational study.
